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$VWKHH[SHULPHQWDOILHOGRI(QJLQHHULQJ+LJK(GXFDWLRQWKHPRVWFKDUDFWHULVWLFVRIWKLVGLYLVLRQLVGHSWK
FRRSHUDWLRQZLWK LQGXVWULDO (OHFWURQLF (QJLQHHULQJ LV RQH RI WKH IDVWHVW GHYHORSLQJ ,7 ILHOG ,W FRQVLVWV RI










SURGXFW IOH[LEO\ 7KH RWKHU LV WKDW WKH FDVH FRQWDLQV ULFK SURIHVVLRQDO NQRZOHGJH LQ WHUPV RI VL]H RU
GLIILFXOW\IDFWVLWZLOOPHHWWKHWHDFKLQJQHHGVWREXLOGDSURIHVVLRQDONQRZOHGJHV\VWHP
 &DVHV KDYH WKH VFDODEOH DQG XSGDWHG IHDWXUHV'HYHORS WKH FDVHV WRPRGXOHVE\ XVLQJ2EMHFW2ULHQWHG
WKLQNLQJ7KHVHPRGXOHVFDQFRPELQHE\IUHH,WZLOOEHPRUHIOH[LEOH
7KH FDVHV DUH VWHPPHG IURP SURMHFWV 7KH RSHUDWRUV RI WKHVH FDVHV DUH VHQLRU HQJLQHHULQJ H[FHOOHQW
WHDFKHUVSURIHVVRUVDQGVWXGHQWV7KHHVWDEOLVKPHQWRIWKHFDVHOLEUDU\QRWRQO\FDQVHUYHIRUXQLYHUVLWLHVWR
SURYLGHD ULFK OHDUQLQJSODWIRUPIRU WHDFKHUVDQGVWXGHQWVEXWDOVR IRUHQWHUSULVHV WRFXOWLYDWH WDOHQWV HYHQ
EHFRPHWKHSURGXFWGHYHORSLQJFHQWHU&DVH/LEUDU\LWVHOILVDSURGXFWDVDX[LOLDU\SURGXFWDSSOLFDWLRQVLQWKH
VWXG\ RI KLJKHU HGXFDWLRQ ,W SURYLGHV D FOHDU SUDFWLFDOPDLQ OLQH IRU WKH FXOWLYDWLRQ RI H[FHOOHQW HQJLQHHUV
ZKLFKZLOOPDNHXQLYHUVLW\HQWHUSULVHFRRSHUDWLRQ UHDFKZLQZLQ VLWXDWLRQ7KLVSDSHUGHVFULEHVRQHRI WKH








+DUGZDUH PRGXOHV DUH WKH PDLQ ERG\ RI WKH FDVH OLEUDU\ 6RIWZDUH FRGH OLEUDU\ FRQWDLQV VRXUFH FRGH
LQWHUIDFH GULYHU DSSOLFDWLRQV DQG FRPPHQWV $V LV ZHOO NQRZQ WKDW WKHUH LV QR VWDQGDUG DQVZHU LQ WKH
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DQG VWXGHQWV ,W LV QHFHVVDU\ WR XVH D YHUVLRQ FRQWURO PHFKDQLVP QDPHG µVQDSVKRWV¶ LQ WKLV SURMHFW
µ6QDSVKRWV¶LVFRPSRVHGRILPSOLFLWWLPHVWDPSFDWHJRULHVRIGHYHORSHUVDQGSXUSRVHVRIGHYHORSPHQW
3URMHFWGRFXPHQWDWLRQLQFOXGHVSURMHFWPDQDJHPHQWGRFXPHQWVUROHGHVLJQGRFXPHQWVKDUGZDUHGHVLJQ
VFKHPDWLFV KDUGZDUH DQG VRIWZDUH VXPPDU\ DQG GHWDLOHG GHVLJQ GRFXPHQWV WHVW GRFXPHQW SURMHFW
LOOXVWUDWLRQVHWF








:LWK WKH UDSLG GHYHORSPHQW RI PXOWLPHGLD WHFKQRORJ\ FODVVURRP UHVSRQVH V\VWHP FDPH LQWR EHLQJ
$FFRUGLQJ WR VWDWLVWLFV WKHUH DUH DOPRVW  EUDQGV FODVVURRP UHVSRQVH V\VWHPV&56 LQ &KLQD HYHQ WKHLU
IXQFWLRQVDUHYHU\PXFKWKHVDPH8VXDOO\FODVVURRPUHVSRQVHV\VWHPKDVIRXUPDLQIXQFWLRQV)LUVWO\LWKDV
FODVVURRP HYDOXDWLRQ IXQFWLRQV WR MXGJH VWXGHQWV¶ SHUIRUPDQFH LQ WKH FODVV 6HFRQGO\ ,QWHUDFWLRQ GULYHV
WHDFKHUV DQG VWXGHQWV WR HPHUJH LQWRSDUWLFLSDWLQJGLVFXVVLRQ7KLUGO\ UHFRUGV DQG VWDWLVWLFVPDNH WHDFKLQJ




E\ 5HFHLYHU $W ODVW DSSOLFDWLRQ GLVSOD\V WKH XVHUGHILQHG IRUPDW RI WKH UHVXOWV VXFK DV OLQH JUDSK RU
KLVWRJUDPFKDUW7KURXJKWKLVV\VWHPWKHWHUPLQDOKROGHUFDQMXGJHWKHDQVZHU7KHVSHDNHUFDQZDWFKHDFK
SHUVRQ
VVHOHFWLRQDQGFDQ LQWHUSUHW WKHJUDSK ,QWHUDFWLYHPHWKRGFDQ LQFUHDVH WKHIXQRI WKHFODVVURRPDV
ZHOODVWKHVWXGHQWV
VHQVHRIDFFRPSOLVKPHQWLQFUHDVHLQWHUHVWLQOHDUQLQJ
2QHRI WKHPRVW SRSXODU&56SURGXFWV LV FDOOHG µL!FOLFNHU¶ IURP0DFPLOODQ LQ86$ ,W VWHPV IURP WKH
LQYHQWLRQLQWKHJDUDJHE\WKUHHSURIHVVRUVRI8QLYHUVLW\RI,OOLQRLV7LP6WHO]HU0DWV6HOHQ*DU\*ODGGLQJ
DQG %HQQ\ %URZQ 7KH SURWRW\SH KDV QRZ GHYHORSHG LQWR FRYHULQJ WKH ZKROH RI 1RUWK $PHULFD 86
&DQDGD WKH OHDGLQJ WHFKQRORJ\ SODWIRUP IRU WKH EHQHILW RI PRUH WKDQ  PLOOLRQ VWXGHQWV ,WV µVWDEOH¶
µLQWXLWLYH¶DQGµIDVWUHVSRQVH¶DUHZHOONQRZQ3URIHVVRU(GQD5RVVRI8QLYHUVLW\RI/RXLVYLOOHHYDOXDWHGWKLV






E\ FOLFNLQJ7Q ZKHQ5HFHLYHU JHWV WKH VLJQDOV IURP VWXGHQWV LW ZLOO PDNH VSHFLDO FKDUW DQG DQDO\VLV WKHQ
GLVSOD\ WKH UHVXOWV IRU WHDFKHUV DQG VWXGHQWV DQG UHVSRQVH WKH VLJQDOV WR DOO WHUPLQDOV6LJQDO IORZJUDSK LV
VKRZQLQ)LJXUH






SRZHU GLJLWDO UDGLRV EDVHG RQ DQ ,((( IRU SHUVRQDO DUHD QHWZRUNV$SSOLFDWLRQV LQFOXGHZLUHOHVV
OLJKW VZLWFKHV HOHFWULFDO PHWHUV ZLWK LQKRPHGLVSOD\V DQG RWKHU FRQVXPHU DQG LQGXVWULDO HTXLSPHQW WKDW
UHTXLUHVKRUWUDQJHZLUHOHVV WUDQVIHURIGDWDDW UHODWLYHO\ ORZUDWHV'DWD WUDQVPLVVLRQUDWHVYDU\ IURP WR
NLORELWVVHFRQG ,Q WKLV SURMHFW *+] IUHTXHQF\ LV XVHG WR WUDQVPLW WKH VLJQDOV%XWWRQV FRQWDLQV WKH




FRPPXQLFDWH ZLWK '63 SURFHVVRU QDPHO\ 20$3 IURP 7, 'ULYHU IROORZV WKH VWDQGDUG 63,
FRPPXQLFDWLRQ SURWRFRO :KHQ D WRXFK VFUHHQ HYHQW RFFXUV WKH WRXFK VFUHHQ FRQWUROOHU 76& VHQG
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VLJQDO,WZLOOQRWRXWSXWGDWDXQWLO WKHIDOOLQJHGJHRIVWHSVLJQDO)LJXUH'XULQJWKLVSHULRGFKLSVHOHFW
VLJQDOFDOOHG&6 UHPDLQVYDOLG,QWKHSDVVELWLQVWUXFWLRQWUDQVPLVVLRQSURFHVVRUPDLQWDLQVWKHYDOLGVWDWXV
RI&6 DQG FORFN'&/.  WR UHFHLYH WKHPHDVXUHPHQW UHVXOWV DQG GDWD 7KH ELW VLJQDO RI WUDQVPLVVLRQ LV
SUHVHQWHGE\'287 ,WVKRXOGEHQRWHGWKDWFORFNVLJQDOFDQPHHW$'FRQYHUVLRQRQFH7RJHWWKHFRUUHFW
$'FRQYHUVLRQUHVXOWV'287 VKRXOGDGGXSELW IUHHFORFNVLJQDODQG LWVRULJLQDOELWGDWD2WKHUZLVH
76&ZLWK20$3SURFHVVRUFDQ¶WEHV\QFKURQL]HGZKLFKZLOOOHDGLQWRQRGDWDRXWSXW








,GHQWLILHU &ODVV,' 8VHU,' $QVZHU 6HFRQGV 6WDWXV 5HPDLQV
1XPEHURIELWV ELWV ELWV ELWV E\WH ELWV ELWV
,Q WKLV FDVH=6WDFN VROXWLRQ VXLWH LV XVHG DV=LJ%HH FRPSOLDQW SURWRFRO VWDFN IRU DQ H[SDQGDEOH&56
%DVHGRQWKLVSURWRFROVWDFN5HFHLYHUDELGHVWKHUXOHV7DEOHWRLGHQWLI\WKHUHVSRQVHVLJQDOVDQGDQDO\VLV





WKH HQWLUH V\VWHP IURP UHTXLUHPHQWV DQDO\VLV GHVLJQ LPSOHPHQWDWLRQ WR WKH ILQDO WHVW7KHUHIRUH WKLV FDVH
FDQEHGLYLGHGLQWRPXOWLSOHPRGXOHVWRGHYHORSDQGWHDFKDFURVVPXOWLSOHVHPHVWHUVDQGVHYHUDOVWDJHV
,Q WKLVFDVH WKHSDUWLWLRQRI VHPHVWHUVDQGPRGXOHVDUH LQ WKH WKLUG VHPHVWHU ORZSRZHU VXSSO\ LQ WKH






DELOLW\ WR FRPSUHKHQG DQG WKH VWXGHQWV
 XQGHUVWDQGLQJ RI WKH NQRZOHGJH LQ UHDO WLPH ,W SURYLGHV XVHIXO
HYDOXDWLRQ RI FODVVURRP HIIHFWLYHQHVV DQG UHIHUHQFH GDWD IRU WKH WHDFKHU




VRPH QHZ IHDWXUHV WR EH XVHG LQ WKH IXWXUH XSJUDGH )RU WKH QHHGV RI ORQJ WLPH SRZHU VXSSO\ FKDQJLQJ
EDWWHU\WURXEOHVRPHDQGHQYLURQPHQWDOSURWHFWLRQSRZHUVXSSO\V\VWHPIRUWKHWHUPLQDOVFDQEHXSJUDGHGWR
WKHVRODUORZSRZHUVXSSO\V\VWHP,QDGGLWLRQWKHVWXGHQWVIRXU\HDUVRIVWXG\DQGSHUIRUPDQFHLQIRUPDWLRQ




RI WKH SURGXFW LWVHOI LV D OHDUQLQJ SURFHVV 7KH SDUWLFLSDWLRQ RI WHDFKHUV DQG VWXGHQWV FDQ VWLPXODWH WKHLU
LQWHUHVWDQGLPSURYHVWXGHQWV¶HQJLQHHULQJSUDFWLFHDELOLW\DQGWHDPZRUNVSLULW)RUWHDFKHUVLWFDQHQKDQFH
WHDFKHUV¶ DELOLW\ WR GHFRPSRVLQJ NQRZOHGJH DQG HQJLQHHULQJ EDFNJURXQG 7KH GHYHORSPHQW DQG
LPSOHPHQWDWLRQRIWKHFDVHOLEUDU\FDQHIIHFWLYHO\FRPSOHPHQWUHTXLUHPHQWRIµHQWHUSULVHGHHSO\LQYROYLQJ¶LQ
WKH ([FHOOHQW (QJLQHHUV3ODQ 7KLV SDSHU SURYLGHV WKH VROXWLRQ WR LQWHJUDWLRQ RI SURGXFWLRQ HGXFDWLRQ DQG
UHVHDUFKWRGHYHORSXQLYHUVLW\HQWHUSULVHZLQZLQVWUDWHJ\
$FNQRZOHGJHPHQWV
7KH DXWKRUV ZRXOG OLNH WR WKDQN &(2 <XH =KDQJ RI &0, DQG *HQHUDO 0DQDJHU <RQJ :X RI
()/$*7(&+7KH\JLYHSUHFLRXVSURSRVDOVWR([FHOOHQW(QJLQHHUV3ODQ7KHUHVHDUFKZRUNLVVXSSRUWHGE\
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